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SUMMARY

We analysed peripheral blood CD56+ natural killer (NK) cell subsets in 23 carefully characterized
patients with post-viral fatigue syndrome (PFS), compared with 19 healthy controls, using
fluorochrome-conjugated, specific monoclonal antibodies and the FACScan. We found significantly
increased percentages ofCD56+, and especially CD56bright+ NK cells in PFS patients. We also found
significantly increased percentages ofCD56+ high affinity interleukin-2 (IL-2) receptor (CD25) + and
CD56+ transferrin receptor (CD71 +) subsets of cells, most of which also stained brightly for CD56.
Also, we found an increased percentage of CD56+ CD3+ cells, many of which stained brightly for
CD56, although there was no increase in the percentage of CD56- CD3+ T cells in these patients.
These observations, in conjunction with very low percentage of CD56- CD25+ cells, suggest that
there is a preferential involvement of this minor subset of CD56+ CD3+ T cells in PFS. Finally, a
decreased percentage ofCD56 + Fc gamma receptor (CD 16)+ NK cells was identified, which suggests
a reduced capacity for antibody-dependent cellular cytotoxicity in PFS patients. Subsets of CD56+
NK cells co-expressing CD2, CD4 or CD8 did not show any significant difference between PFS
patients and healthy controls. These phenotypic changes provide laboratory evidence of immunolo-
gical abnormalities in this syndrome, and, we suggest, may be consistent with persistent viral
infection.
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INTRODUCTION

The post-viral fatigue syndrome (PFS) is a disorder of acute
onset with a prolonged course, developing after a viral infection,
and characterized by severe fatigue, myalgia and a variety of
psychiatric symptoms. One-third of patients also show evidence
of cardiac involvement (Behan & Behan, 1988). Routine
laboratory tests are normal but specialized investigations, i.e.
electromyography and nuclear magnetic resonance testing
provide evidence of muscle damage (Jamal & Hansen, 1989;
Arnold et al., 1984). Several types of viruses have been
implicated in its aetiology including enteroviruses, especially
coxsackie, Epstein-Barr, hepatitis B and varicella (Behan,
Behan & Bell, 1985; Straus et al., 1985; Yousef et al., 1988).
Enteroviral nucleic acid has now been identified in up to 53% of
muscle biopsies from these cases (Archard et al., 1988),
suggesting that a persistent viral infection may be causing the
functional abnormalities.

Evidence of a specific immune response to coxsackie virus in
PFS is conflicting and difficult to interpret (Behan et al., 1985;
Miller et al., 1990). We decided to examine the natural killer
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(NK) lymphocyte subset, because these cells, defined function-
ally by their ability to lyse certain target cells without prior
sensitization or MHC restriction, have been shown to play a
significant role in the immune response to a wide range of viral
infections in animals (Welsh, 1981). During acute viral infec-
tions they respond rapidly to viral challenge, mounting both a
proliferative and cytolytic response several days before a specific
T cell response can be mobilized. In persistent viral infection in
animals, NK activity remained increased for several months
(Bukowski, Biron & Welsh, 1983). With regard to humans,
similar enhancement ofNK activity has been identified in acute
viral infections (Perrin, Tishon & Oldstone, 1977; Ennis et al.,
1981). Little was known of their role in chronic viral infections
until recently, when Caligiuri et al. (1987) reported abnormal-
ities in NK cell phenotype in patients with chronic Epstein-Barr
virus infection. We decided therefore to carry out a detailed
phenotypic analysis of NK cells in our group of carefully
characterized patients with PFS.

SUBJECTS AND METHODS
Patients and controls
Twenty-three patients with PFS were included in the study
(10 men, aged 16-50 years, mean 31, and 13 women, aged 18-48
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years, mean 30). They were selected because they all had severe
fatigue that had been present for more than 1 year and because
they had already been extensively investigated to exclude the
many other conditions which enter into the differential diagno-
sis of this syndrome.

Their symptoms were overwhelming fatigue made worse by
exercise, myalgia, and depression, with poor concentration and
short-term memory. Additional symptoms included disturb-
ance of the sleep pattern, palpitations and pains in the chest,
dizziness and excessive sweating. A febrile, viral-type illness,
with upper respiratory or gastrointestinal symptoms, of such
severity that the patient was confined to bed for several days,
was the precipitating factor in all cases. Before their illness, all 23
had considered themselves in good physical health.

Nineteen normal healthy control subjects with no history of
recent or chronic viral infections, all ofwhom denied symptoms
of PFS as described above, were also included in the study
(10 men, aged 21-50, mean 30, and nine women aged 22-48
years, mean 28).

Preparation of peripheral blood mononuclear leucocytes for
immunofluorescence
Samples of peripheral venous blood, drawn from patients with
PFS and healthy control subjects, were anti-coagulated with
3-8% sodium citrate, and the mononuclear leucocytes separated
by density gradient centrifugation using lymphocyte separation
medium (Flow Labs., Irvine, UK). The mononuclear cell layer
was aspirated and washed twice in RPMI 1640 containing
bicarbonate, 2 mM L-glutamine, 50 U/ml penicillin, 50 ,ug/ml
streptomycin, 10 -M mercaptoethanol and 10% fetal calf serum
(FCS) (heat-inactivated at 56 C for 30 min). The mononuclear
cells were then resuspended in cold RPMI 1640 containing only
bicarbonate, 0-2% NaN3 and 1% FCS at a concentration of
3-5 x 106/ml.

Phenotypic analysis of NK cells by two-colour immunofluores-
cence
Two-colour immunofluorescence analysis was accomplished by
incubating mononuclear cells for 40 min at 4 C in darkness with
PE-conjugated monoclonal antibody (MoAb) to Leu-19 (CD56
or NKH-l), which was used as a pan-NK marker, with one of
the following group of FITC-conjugated MoAbs specific for
various T cell antigens and markers of immunological acti-
vation and cell division: anti-Leu2a (CD8), anti-Leu4 (CD3),
anti-Leu3a (CD4), anti-Leu5b (CD2), anti-Leul la (CD16),
anti-high-affinity interleukin-2 (IL-2) receptor (CD25), and
anti-transferrin receptor (CD7 1). The latter is a marker for both
immunological activation (Larrick & Cresswell, 1979) and cell
division (Hamilton, Wada & Sussman, 1979; Shindelman,
Ortmeyer & Sussman, 1981). Background fluorescence was
determined by incubating cells with PE-conjugated or FITC-
conjugated non-reactive MoAbs of a similar immunoglobulin
class. All fluorochrome-conjugated MoAbs were purchased
from Becton Dickinson, Oxford, UK.

Following incubation with conjugated MoAbs, the mono-
nuclear cells were washed twice with cold RPMI 1640 containing
0-2% NaN3 and 1% FCS, then fixed with 1% paraformaldehyde
plus 0-2% NaN3 in phosphate-buffered saline. Stained and fixed
cells were usually stored at 4°C in darkness for 24-48 h before
analysis.

The simultaneous analysis of green and red fluorescence was
obtained from a single laser exciting both FITC and PE at
488 nm using a FACScan (Becton Dickinson). Electronic
compensation for the small overlaps of green and red fluores-
cence yielded signals essentially identical to those with either
reagent alone. In total, 10 000 cells were analysed in each sample
and the results were displayed as a 10% linear contour plot
expressing cell density, log green (abscissa) versus log red
(ordinate) fluorescence.

All experiments were performed in a single blind fashion.
Identification of the samples was not revealed until all data were
permanently recorded.

Statistical analysis
Statistical analysis was carried out using the Kolmogorov-
Smirnov two-sample test of significance for non-parametrically
distributed data.

RESULTS

CD56+ mononuclear cells
The mononuclear cells from PFS patients and healthy controls
were stained with PE-anti-CD56 alone, and the number of
CD56+ cells expressed as a percentage of the total number of
mononuclear cells for each individual. Patients with PFS
showed a significantly greater (P < 0-05) percentage of CD56+
mononuclear cells (mean 26-45%, s.e.m. 3 33%) than did
normal control donors (18-13+ 1-41%).

CD56brighI+ mononuclear cells
Patients with PFS also showed a very significantly greater
percentage (P<00001) of mononuclear cells which stained
brightly for CD56 (CD56bright±+) (7 56 + 2 72%) than did healthy
control donors (0 4+0 03%).

When the number of CD56bright+ mononuclear cells was
expressed as a percentage of the total CD56+ mononuclear cells
for each individual, the difference between PFS patients
(20-99±3-86%) and healthy controls (245+0-07%) was also
highly significant (P<0-00001).

Fig. la(ii) shows mononuclear cells derived from a typical
patient with PFS, and Fig. lb (ii) mononuclear cells derived
from a typical normal control donor, both ofwhich were stained
with PE-anti-CD56. Fig. la(ii) shows the large proportion of
mononuclear cells staining brightly for CD56 in the PFS
patient, compared with the virtual absence of such cells in the
normal control (Fig. lb(ii)).

The number of mononuclear cells co-expressing CD56 and
one of several T cell antigens (CD2, CD3, CD4, CD8), the Fc-y
receptor antigen CD16, the high affinity IL-2 receptor antigen
CD25, or the transferrin receptor antigen CD7 1, was expressed
as a percentage of the total number ofCD56+ mononuclear cells
for each PFS patient and normal control. In this way subsets of
CD56+ cells were defined.

CD56+ CD25+ NK cells
As shown in Fig. 2, patients with PFS showed a significantly
higher percentage of CD56+CD25+ NK cells (P<0 0001)
(2507 + 556%) than did normal control donors (4-66 + 2-35%).
PFS patients (0-86%+0-18%) and normal control donors
(0-84+0-12%) had a similarly low percentage ofCD56-CD25+
mononuclear cells (not shown). The majority of CD56+CD25+
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cells from PFS patients stained brightly for CD56, a typical
example of which is shown in Fig. la(iii). These cells were

seldom seen in normal controls (Fig. lb(iii)).

CD56+CD71+ NK cells
As shown in Fig. 3, PFS patients showed a significantly higher
percentage of CD56+CD71 + NK cells (P< 0O00001) (20-86 +
444%) than did healthy control donors (345+0-73%). PFS
patients (098+0±62%) and healthy control donors (0-52+
0 I %) had a similarly low percentage of CD56-CD71 + mono-
nuclear cells (not shown). The majority of CD56+CD71 + cells
from PFS patients stained brightly for CD56, a typical example
of which is shown in Fig. 1 a(iv). These cells were seldom seen in
normal controls (Fig. lb(iv)).

CD56+CD3+ mononuclear cells
As shown in Fig. 4, patients with PFS showed a significantly
higher percentage ofCD56 +CD3 + mononuclear cells (P < 0-01)
(42 47+4 05%) than did healthy control donors
(21 82+2-92%). The percentage of CD56-CD3+ cells did not
differ significantly between PFS patients (58-96+3 04%) and
healthy control donors (61-87+2 95%) (not shown). The
majority of CD56+CD3+ cells from PFS patients also stained
brightly for CD56, a typical example of which is shown in
Fig. la(v). These CD56bght+CD3+ cells were seldom seen in
normal control donors (Fig. I b(v)).

CDS6+CD16+ NK cells
As shown in Fig. 5, patients withPFS showed a significantly lower
percentage of CD56+CDl6+ NK cells (P<0OOI) (5416+
6-31%) than did normal control donors (86-54+2-67%). The
percentages of CD56+CD16- mononuclear cells did not differ
significantly between PFS patients and normal control donors.
A large proportion of CD56+CD16+ cells from PFS patients
stained brightly for CD56, a typical example of which is shown
in Fig. la(vi). These cells were seldom seen in normal controls
(Fig. Ib(vi)).

CD56+ CD8+, CD56+CD4+, and CD56+CD2+ NK cells
Results showed that the percentages of mononuclear cells co-

expressing CD56 and any one of the T cell antigens CD8, CD4

Fig. 1. Two-colour immunofluorescence analysis of peripheral blood
mononuclear cells from a typical PFS patient is shown in a(i)-(vi) and
for a typical normal control in b(i)-(vi). Background fluorescence was

determined by incubating mononuclear cells with a non-reactive PE-
conjugated MoAb and a non-reactive FITC-conjugated MoAb (a(i) and
b(i)). Markers defining quadrants were positioned to include > 98% of
unstained cells in the lower left quadrant. Results are presented as a

contour plot of cell density (log red fluorescence (PE) (FL2) on the
ordinate versus log green fluorescence (FITC) (FL 1) on the abscissa) for
each combination. In subsequent panels, cells positive for red fluores-
cence alone appear in the upper left quadrant, cells positive for green

fluorescence alone appear in the lower right quadrant, and cells positive
for both red and green fluorescence appear in the upper right quadrant.
Mononuclear cells were stained with PE-anti CD56 alone (panels (ii));
PE-anti CD56 and FITC-anti high-affinity I1-2 receptor (CD25) (panels
(iii)); PE-anti CD56 and FITC-anti human transferrin receptor (CD71)
(panels (iv)), PE-anti CD56 and FITC-anti CD3 (panels (v)); and
PE-anti CD56 and FITC-anti Fc gamma receptor antigen (CD16)
(panels (vi)). Correlated measurements of fluorescence are presented as

10% linear contour plots.
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Fig. 2. Percentage of total CD56 positive mononuclear cells co-

expressing the high affinity IL-2 receptor antigen CD25 (mean + s.e.m.).
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Fig. 3. Percentage of total CD56 positive mononuclear cells co-

expressing the transferrin receptor CD7 1 (mean + s.e.m.).

or CD2, did not differ significantly between PFS patients and
healthy controls.

DISCUSSION

We have shown several changes in phenotypic expression ofNK
cells in patients with PFS. As little is known of the function of
the various phenotypically defined subsets ofNK cells, changes
in function resulting from altered phenotypic expression must
remain the object of speculation.

We used thepan-NK marker anti-CD56 to identifyNK cells.
This monoclonal antibody reacts with NKH- I antigen (Lanier
et al., 1986), a 220-kD glycoprotein known to be present on at
least 95% of NK cells, and on approximately 15% of normal
peripheral blood mononuclear cells (Griffin et al., 1983; Her-
cend et al., 1985; Lanier et al., 1986). It is not completely specific
for NK cells, since it is also present on a small subpopulation of

Fig. 4. Percentage of total CD56 positive mononuclear cells co-

expressing CD3 (mean + s.e.m.).

CD3 + T lymphocytes comprising less than 5% of all peripheral
blood lymphocytes (Lanier et al., 1986). Using this pan-NK
marker we have found significantly increased percentages of
CD56.+, and especially CD56brght+ NK cells in patients with PFS
compared with healthy controls.

Lanier et al., (1986) was the first to report that a small
number of NK cells can be distinguished from the majority
because of the high density expression of CD56 (NKH-1)
antigen. These CD56bright+ cells were shown to comprise less
than 2% of peripheral blood mononuclear cells, or less than 5%
of the entire NK cell population in normal individuals. Caligiuri
et al. (1990) have confirmed these findings, and also reported
that these cells were unique among normal mononuclear cells in
that they expressed constitutively, functional, high-affinity IL-2
receptors (CD25), and had the ability to proliferate rapidly in
response to minimal concentrations ofserum IL-2, but were able
to do so in the absence of any antigenic stimulus.

At present, little is known of the role played by CD56bright+
NK cells in relation to human disease. Caligiuri et al. (1990)
have suggested that the expression of functional high-affinity
IL-2 receptors (CD25) by CD56bright+ cells would allow this
minor NK cell subset to respond rapidly and non-specifically to
virus or virus-infected cells before a specific T cell response was

generated. Our results have shown that patients with PFS had
a significantly increased percentage of both CD56+CD25+
(Fig. 2) and CD56+CD71 + (Fig. 3) subsets of NK cells
compared with normal controls. Fig. 1 a(iii) and (iv) shows that
the majority of these subsets ofNK cells also stained brightly for
CD56. These findings would seem to indicate that this signifi-
cantly expanded population of high-affinity IL-2 receptor
(CD25)+ NK cells, including the CD56bright+ population, plays a

significant role in the immunopathology of PFS.
Interestingly, we also found that the percentages of

CD56-CD25 + and CD56-CD71 + mononuclear cells were very
low in PFS patients, indicating the absence of actively prolifer-
ating CD56-T cells in this syndrome. The presence of a

significantly increased percentage of high-affinity IL-2 receptor
(CD25)+ NK cells, in the absence of a significantly increased
percentage of CD56- high-affinity IL-2 receptor (CD25)+
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Fig. 5. Percentage of total CD56 positive mononuclear cells co-

expressing the Fcy receptor antigen CD16 (mean+ s.e.m.).

T cells is unusual, and may indicate an abnormal immunologi-
cal response in these patients.

The percentage ofCD56+CD3+ mononuclear cells was also
found to be significantly greater in PFS patients than in normal
controls. The phenotypic marker CD3 present on theseNK cells
is also present on most CD56- T cells, but the percentage of
CD56-CD3+ T cells was not significantly increased in PFS
patients relative to normal controls. These data indicate the
selective expansion of CD56+CD3+ cells, which normally
constitute only 20-25% of the total CD56+ population, and less
than 5% of all peripheral blood lymphocytes (Lanier et al.,
1986). We also found that the majority of these cells stained
brightly for CD56 (Fig. la(v)). As the functional role of this
subpopulation of cells is not yet known, the increased percent-
age we detected-including cells which stained brightly for
CD56-is of unknown significance in this syndrome.

As shown in Fig. 5, the percentage of CD56+CD16+ NK
cells in patients with PFS was significantly reduced compared to
normal controls. Fig. la(vi) shows that a proportion of these
NK cells also stained brightly for CD56. Several studies have
documented the expression of CD16 by 80-90% ofNK cells in
normal peripheral blood (Lanier et al., 1983; Perussia et al.,
1984). The reduced percentage of CD56+CD16+ NK cells may
reflect a reduced capacity for these cells to mediate antibody-
dependent cellular cytotoxicity, a factor which could be signifi-
cant to the disease process.

Finally, the percentage of CD56+ NK cells co-expressing
CD2, CD4 or CD8 did not differ significantly between PFS
patients and normal controls, suggesting that these subsets of
NK cells are not significantly involved in the immunopathology
of this syndrome.

We found several changes in the phenotype of NK cells in
patients with PFS, thus providing laboratory evidence of
immunological abnormalities in this syndrome. These changes
include significantly increased percentages of CD56+, and
especially CD56bight+ NK cells, and CD56+CD25+, CD56+
CD71 + and CD56+CD3+ subsets ofNK cells. In contrast, the
CD56+CD16+ subset ofNK cells was significantly reduced in
PFS patients. We suggest that these changes may be consistent
with persistent viral infection in these patients.
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